Abstract. An elementary formalism is described to generate series of massless radial excitations within a relativistic BS (confinement) model, thus excluding orbital excitations. Coupling the photon to the constituent scalar, a finite self-mass integral results in the lowest order of a. It represents an infinite system of self-consistent equations for an infinite number of leptonic masses. The system can be solved numerically. It is shown to have an increasing and a decreasing solution and approximate solutions are determined. The increase seems to obey an exponential law. This would suggest the existence of a fourth lepton in the 25 GeV region.
Introduction
Grand unification has failed to shed light on the family problem and the quark and lepton mass spectrum. It may be hoped that composite theories (Lyons 1983 , 1984 , Peskin 1981 might solve these problems. Let us focus on a composite theory which may allow the incorporation of grand unification and which involves elementary gauge bosons. Let us explain the fact that the Compton wavelength of the leptons is much larger than the upper limit to their size (estimates were reviewed by Lyons 1983 Lyons , 1984 in terms of a chiral symmetry ('t Hooft 1980 , Bars 1982 . The observed quarks and leptons are essentially massless compared to the substructure mass scale. So, first, we set up a BS model for massless two-component composites. Let the composites consist of an elementary scalar and an elementary massless fermion ( Q 2). These two fields listen to a gauge interaction based on a 'hypercolour' group. We presume that this group is confining. Let us use the standard harmonic confinement potential, and let us add a relativistic Coulomb term for investigating the short-range behaviour ( Q 3). In observable quantities, the substructure is described by form factors ( Q 4). Such substructure dynamics imply an infinite number of lepton families.
The observed lepton masses are accounted for by a slight dynamical breaking of the chiral symmetry (Nambu and Jona-Lassinio 1961) . We examine only the breaking by the photon, which is put in by hand (9 5). However, the weak bosons cannot be neglected (Weinberg 1972) . The corresponding lowest-order self-mass operator is analysed. It leads to an infinite system of equations for the lepton masses (0 6) and this system is solved. One expects an increasing mass spectrum consisting of a certain number of light masses and an infinite number of masses that are of the order of the composite scale and heavier.
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Composite two-component spinors
Let <(xl) be the two-component wavefunction of an elementary and, say, left-handed fermion, 9(x2) the wavefunction of an elementary scalar of mass m and I(xl,x2) the interaction potential. Then, the relativistic wavefunction <(xl, x2) for a fermion-scalar pair obeys the equation (Salpeter and Bethe 195 1) [(r18)(r22-m2)-iI (xl, x2>It(xl, x2>=0 (1) ci=(l, -9).
where We may write
where x = x1 -x2, X = ax1 + (1 -a)x2 and P = rl + r2 is the total momentum of the twoparticle system. The two-component equation (1) can describe only massless states (P2 = 0). Moreover, only left-handed solutions are of interest so that
Let us couple the hypercolour gauge field 4 to the conserved number-density current of the constituent neutrino and to the conserved charge density current of the constituent scalar. 
The term m2 is absorbed by I ( K ) so that the scalar constituent is effectively massless.
Solving the bound-state equation
Let us choose the potential
(relativistic harmonic confinement plus Coulomb term). The solution of the homogeneous part of ( 5 ) is too singular to be of physical relevance so that it has to be omitted. Hence,
We define a dimensionless relative coordinate and two dimensionless parameters:
and carry out the Wick rotation f(-it", x)=(Fl(t", x), F2(t", x) 
h, =Nd2\/5)'pk e x~( -f l~) Q ? ' ( 2 f l~)
(1 1)
Its bound-state solutions are
Laguerre polynomials of index s. The parameter P in (10) is quantised. This offers the possibility to associate with every lepton family a scalar field of a mass m,, which is of the order of the composite scale (Kounnas et a1 1984) . Using the normalisation 6 , , = ~z~A -~ dp p2h, h, s we get
By this, we have determined the spectrum of the radial excitations. One can show explicitly that the system (3), (6) is not solved by orbital excitations. And this is in agreement with a general analysis by Weinberg and Witten (1980) and Kugo (1982) .
Form factors

Massless states
Let us derive the matrix element j2 (xi>,, of the charge-current of the constituent scalar, where xi is a point on the constituent scalar line, between the two bound states (,(yl, y 2 ) and &(xlrx2), where subscripts 1 and 2 refer to the constituent neutrino and scalar, respectively. This matrix element follows from the propagator (olTr(~l,)a,(y2,)gza,(xi)i ~~'(xi>r'(xlm>~'(~zm>lO>, where t and a, are Heisenberg field operators (Mandelstam 1955) . To arrive at the bound-state wavefunctions, one determines the pole contributions of the two-particle propagator on the left-hand and right-hand sides of 8, expressed as a function of the total momentum P, = P and P, = P', respectively. In lowest-order perturbation theory, there is a factor 6(xi -x2)6(xi -y2) in the irreducible graph, where y2 and x2 are the coordinates adjacent to xi of the constituent scalar. The irreducible graph can be written in the form
where spinor factors U(P) have been separated from f to satisfy (3). The coordinates are related as in (2). By this, three integrations can be carried out in (14)- ( 15) to find j$(xj)nm =g2 U+(P')D;,U(P) exp[i(P'-P)xJ where
is a form factor. It consists of a term in q' = P'' -P' and 6'.
transformation
In deriving (16), terms in (ciP)U(P) and U f ( P ' ) ( 6 P ' ) have been omitted. Indeed, the Dnm =Ohm + q(6q>n(q2> (17) with an arbitrary function A(q2) leaves observables unchanged.
In the limit P'= P, the conserved currents cannot induce transitions between different states so that (16) has to be diagonal. Using the four-radial symmetry of the wavefunctions in Euclidean space, one finds
where the factor 1 is due to the normalisation of the scalar wavefunctions.
Massive states
The whole analysis can be repeated for the right-handed chiral counterpart of t. The corresponding equations have a U instead of 6. The dynamical generation of mass by vector fields put in by hand ( § 5) implies the use of coherent mixtures of massless composites of opposite chirality. We may presuppose that the individual radial excitations lead to different masses (no degeneration). Then, the gauge degree of freedom of the vector field requires a definite choice of the arbitrary function in (1 7). Let us choose the gauge Using the spinor representation of the Dirac matrices, and passing to Euclidean vector space by Ci;'=(iqo, q), r'=(iyo, y), 6im =(iDL, Dnm) we get the general structure of the form factor for coherent mixtures where a,,(G2 + 0) = 6,, according to (1 S), and (16) 
(25)
etc.
Dynamical mass generation
Let us presume that the underlying dynamical symmetry is such that there are states where only the constituent scalar carries electroweak charge, and let us analyse the corresponding contribution of the photon to the self-mass operator. The form factor cuts off the self-mass integrals at high momentum transfers. So the integrals are finite and a system of equations for the lepton masses results?. The two-particle Green function of the composite left-handed neutrino is = c w 4
and the propagator of a coherent mixture follows from (26) by the substitution i?P+ M-yP. Let us couple the photon to the constituent scalar current by an action term ej2(xi)",A (xi). Analysing the second order self-energy operator in the way of 5 4.1 and using (26), we arrive at factors that are of the type of (14) and (15). The spatial integrals lead to form factors (1 6) so that C',:'(P)=-i(2n)-4c d4q q-22D~,(q)+(yP-yq+M,)
t If the probing field acts on the constituent neutrino alone, the analysis of 5 4.1 leads t o j , (xi),,,,, CCS, , . That is, the bound state exhibits point-like behaviour, and the corresponding self-mass integral is divergent.
where it is understood that (16) where a = im:z2, b = lp2z2, x = ir' and function
whose derivative with respect to b has already occurred in (22). The logarithmic singularity at small x in the limit a + 0 gives the leading contribution. We confine ourselves to the lightlepton limit a< 1 and Ib[ < 1. Then, only the first two terms of the sum (33) have to be taken into account, and we find
1. It is easy to see that (28) (24)- (25)) to establish a[, for the first few values of 1 and m.
These expressions give us the coefficients c, in (30). Then, we can take the sum (3 1) by the help of (34) 
The symmetric matrix of the coefficients may be checked by calculating their differences and ratios within one equation and from equation to equation. Regular changes result.
Moreover, it is not very difficult to take the square of the forms (24)- (25) etc to get the general dependences on b of the coefficients:
. etc. They all have the same asymptotic behaviour b-'I2,
To solve system (38) one can start with calculating the rest sums R , in ( 3 9 ) in the zeroth order approximation 1 = y3 = y4 = y5. . . of identical masses, which gives rather small values RI('). Solving the resulting system of four equations iteratively, one finds a decreasing series of masses. In particular, this means that the next order values RI') are somewhat smaller than R!'). The character of the solution does not change. The author has found that this solution vanishes if the vacuum polarisation effect is taken into account (Lemke 1987) .
Because y3 = 1, the right-hand sides of (38a)-(38c) are negative for an increasing solution. That is, h >0.15 in (38a) and R3 > 0.41 in (38d). This is much more than the aforementioned value of R?' so that the spectrum has to exhibit a strong increase. The increase may even be stronger than b5'2. The dependences ( R3=R '3 +4.28X (41) where R: comprises about the first 30 terms of the rest sums R , and the X terms are the remnants. The increase of the spectrum required by the limit R3 > 0.41 is so strong that the X terms in (41) are at least of the same order of magnitude as the R: terms. Thus, we may approximate R1 N 1.94Ro R2 N 3.04Ro Moreover, the rest sums in ( 3 8 dy/y=0.94 dblb", one sees that y exhibits an exponential increase for n < 1. So let us extrapolate the observed lepton masses by an exponential law. This gives us a fourth value in the 25 GeV region, which prediction is of current interest.
Conclusion
A BS confinement model was described that yields an infinite series of massless radial excitations. As the model is relativistically invariant, orbital excitations do not exist. The scalar parameter quantisised is the linear displacement of the potential function and/or the mass of the constituent scalar. The composites exhibit point-like behaviour if an external field couples to the constituent fermion, but they exhibit structure if the field couples to the constituent scalar. This structure is described by a form factor.
We have analysed the contribution of the photon to the self-mass operator for correlated pairs of massless composites of opposite chirality. Only the case where the constituent scalar alone carries electric charge is considered. Only the lowest order in M: is analysed for the case of harmonic confinement plus a repulsive Coulomb term of a certain large strength. We find an increasing series of leptonic masses exhibiting a slight exponential increase, but no large muon-electron mass ratio. The numerical results do not change substantially if the Coulomb term is omitted (Lemke 1987) . Hence, the muonelectron mass ratio cannot be explained by a Coulomb term in the lowest order of a.
The exponential increase implies the existence of heavy leptons (of a mass of the order of A) in order to cut off the rest sums in the mass equations. So the effective theory depends on physics at the distances A-'. Nevertheless, the effective theory resembles QED. The fact that a spectrum of the leptonic type could be derived is remarkable on its own (see e.g. Greenberg and Sucher 1981, Kopper and Durr 1982) .
Quarks may be added to the lepton families in this paper: if the vector boson is coupled to both the constituent fermion and the scalar, the resulting mass equations have, after renormalisation of the divergent term (see the first footnote) only solutions for a strong coupling constant (Lemke 1987) .
Next, one has to examine the corrections of higher order in a, in particular, the vacuum polarisation; higher-order effects in the substructure of the composites; and the weakboson contribution. The latter might explain the large muon-electron mass ratio by a cancellation effect.
